INTRODUCTION
This paper applies to the analysis of the interstate income distribution in Brazil a set of techniques that have been widely used in the current empirical literature on growth and convergence. The recent trends in the interstate income distribution are analysed in Section 2, while Section 3 presents the results of two exercises which attempt to detennine the long run shape ofthe distribution implied by those trends. Some conclusions are suggested in Section 4. 
RECENT TRENDS IN THE INTERSTATE INCOME DISTRIBUTION IN BRAZIL

cr-Convemence
Economic activity in Brazil is concentrated in a relatively small portion of the territory.
In 1995, the four states located in the Southeast, which occupy together only 11 % of the country's area, accounted for 43% ofthe population and·57% ofthe Brazilian GDP (Table 1) .
More important, the differences in per capita incomes (PCIs) across states and regions are significant. Brazil's per capita income, evaluated at the current exchange rate, amounted to US$ 3 953, in 1995. The PCI of the richest state (Distrito Federal), at US$ 7 946, was two times higher than the national mean and more than seven times higher than the per capita income of the poorest state (US$ 1 067, in Piaui). While the per capita income of the Northeast, the poorest region, was less than half the country's mean, the Southeast had a PCI 34% higher than the national average (Tables 2 and 3) .
Although, as indicated above, spatial concentration is stiIl high, the geographical distribution of production changed significantly, in the last 25 years, with the GDP share of the Southeast falling from 65% to 57%, while the shares of alI other regions, especially the North and Centre-West, increased (Table 1 ). The information regarding the differences in state per capita incomes, shown in Figure   1 , can be summarised in a single measure of the degree of inequality in the interstate income distribution -Theil's inequality index, given by:
(1)
where Pi = share of the i th state in the country's population, Yi = share of the i th state in the country's GDP, L = sum operator and In = naturallogarithm.
For a perfectly egalitarian income distribution, defined as the situation in which alI states have the same per capita income, the value of Theil's index will be zero. While this is the rninirnum value that can be tak.en by the index, there is no maximum value defined for it.
The estimated value of Theil's index for the Brazilian interstate income distribution in 1995 is 0.116, with the inter-regional differences in per capita incomes accounting for 75% of the total inequality among the states and the intra-regional differences playing a relatively minor role (25%) in explaining the value found for the index (Ferreira, 1998) .
Annual estimates of Theil's index, for the period 1970/1995, suggest that 0'-convergence, i.e. a reduction in the dispersion of the PCIs around the national mean, took place among the Brazilian states, at a relatively fast speed, between 1975 speed, between and 1986 speed, between . After 1986 , this index still tends to decline, but now only at a very slow pace (Table 3) 2.
Increased equality in the inter-regional distrlbution (61 %) and the convergence of per capita incomes within the Southeast (31 %) together account for 92% of the reduction in the Theil's index, between 1970 and 1995. The remaining 8% are e,q,lained by the reduction in inequality which also occurred within the other four regions (Ferreira, 1998) .
B-Convergence
An inverse relationship between the growth rates of the state per capita incomes and the initial PCI leveIs, what has been termed ~-convergence, is a necessary (but not sufficient) condition for O'-convergence. Figure 2 shows that, as already could be inferred from the results presented in the previous section, ~-convergence can be observed among the Brazilian states, in the period 1970/1995.
The equation for the straight line adjusted to the data in Figure 2 is shown as Equation The sign and statistical significance of the coefficient on the 1970 income leveIs suggest the existence of (at least as a first approximation, unconditional or absolute) ~ convergence among the Brazilian states, in the period under analysis. Thls result is in line with the recent empiricalliterature, which, in general, has detected absolute ~-convergence within sets of "more similar" economies, such as states or regions of the same country (Sala-iMartin, 1996) .
The speed of convergence of 1.0%, implied by the value of the coefficient on INPCI, however, is well below the estimates of Sala-i-Martin (1996) for the US states (2.1%), the Japanese prefectures (1.9%) and 90 regions in Europe (1.5%)3.
The value of ~ increases substantially when other variables, which are usually assumed to determine per capita income in the steady-state, are introduced in the convergence regression. Steady-state per capita income depends on the steady-state leveI of labor productivity and on the rate of participation in the labor force. Long run productivity, following Mankiw, Romer and Weil (1992) , is, in turn, presumed here to be determ.ined by the rate ofinvestment, a mea:sure ofthe stock ofhuman capital (average schooling) and the rate of growth of the labor force. Estimates of this standard specification for the per capita growth equation are presented in Tables 4,5 ,6 and 7.
The equations in Tables 4, 5 and 6 are cross-section regressions, referring to the period 1970/1995 (Table 4) and to the sub-periods 1970/80 (Table 5 ) and 1980/95 (Table 6 ). The equations in Table 7 are pooled time series cross-section regressions, estimated by pooling the data used in the regressions in Tables 5 and 6 .
In each of those equations, GROWTH and GEAP are the average annual rates of per capita income growth and labour force growth, in the corresponding period of estimation. The variables INVRATE, SCHOOL andPART, in Tables 5, 6 Because of lack of data on schooling, the state of Acre was not inc1uded in the regressions. Given the idiosyncratic nature of employment and economic activity in its area (which corresponds to Brasilia, the nation's capital), the Distrito Federal was also excluded from the calculations.
The regressions, in Tables 4, 5 , 6 and 7, explain a considerable proportion of the variation in growth rates, in the different periods to which they refer. The cross-section regressions in Table 4 , for example, account for approximately three quarters of the variation in growtb. rates, in the 25 years under analysis.
The coefficients on the RHS variables display, in general, the theoretically predicted signs, the only exception here being. the coefficient on the rate of labour force growtb., in Equation 6.2, which, however, is not significantly different from zero.
The value of the speed of conditional convergence implied by the coefficients on the initial income leveIs varies widely, from around 3%, in the cross-section regressions referring to the whole 1970/95 period (Equations 4.3-4.5) to more than 7%, in the estimates for the 1970s (Equations 5.2-5.4), but is always considerably higher than that derived from the absolute convergence regressions (Equations 4.1, 4.2,5.1 and 6.1)8 .
The coefficients on the rate of investment and the rate of labour force growth are not significantly different from zero, whenever a fuIl specification of the growth equation is adopted (Equations 4.3,5.2,6.2 and 7.1). However, when the regressions are reestimated, with one of those two variables exc1uded from the RHS, the statistical significance of the coefficient on the remaining variable, in some cases, becomes high enough to make it possible to reject the null hypothesis of a value of zero for it, at the 10% leveI, in a one side t-test (Equations 4.5,5.3, 7.2 and 7.3). A nega tive correlation between the two variables, which is a possible explanation for these results, would seem to be consistent with the notion that capital and labour move in opposite directions, when there are differences in labour productivity (and, therefore, in per capita incomes) among regions ofthe same country.
The coefficients on the schooling variables, in Equations 4.3-4.5 and Equations 7.1-7.3, which give estimates for the whole períod under analysis, suggest that the effect of education on growth reaches a maximum at an average leveI of schooling between 4 and 5 years (the highest leveI of average schooling, in 1995, was 7.45 years, in the state of Rio de Janeiro).
The results obtained also indica te that, as expected, per capita income growth is positively correlated with the rate of participation in the labour force.
The intercept dummy, in the pooled regressions in Table 7 , has the expected negative sign, confirming that, other things equal, growth rates tended to be lower in the post-1980 years than in the 1970s, due to the poor macroeconomic conditions prevailing in the former An interpretation that reconciles these two seemingly contradictory results goes as follows. In the 1970s, a decade of generally high rates of per capita income growth, convergence was restricted mainly to the states located in the Southeast, South and Centre
West regions (on1y in 5 of the 15 states located in the North and Northeast, the poorest regions, the per capita income gap with respect to the national average was reduced in this period). Afier 1980, simultaneously to the dramatic reduction in growth rates, the speed of convergence among the rich states decelerated, while the poor states, in the North and
Northeast, started to catch up. As a consequence of these different influences, the estimates of the speed of absolute and conditional convergence moved in opposite directions, between the two periods.
The results described in this section are, in general, consistent with the hypothesis of conditional ~-convergence, i.e. with the notion that on1y states with similar structural characteristics (here represented by the propensity to invest, the stock of human capital, the rate of labor force growth and the rate of participation) converge to the same steady-state leveI of per capita income. The main implications of these results for the convergence prospects in Brazil will become clear in Section 3.
TIIE LONG RUN INTERSTATE INCOME DISTRIBUTION IN BRAZIL: PROJECTIONS FROM RECENT TRENDS
• What is the long run shape of the interstate income distribution implied by the tendencies just described? What can we expect that distribution to be, in the steady state, given the regional growth experience in Brazil, in the last 25 years? Jones (1997) suggests that the long run distribution of income among a set of economies can be inferred from the principie 01 transition dynamics, the proposition according to which an economy' s per capita income should grow at a rate proportional to the gap between its current and steady state values. Naming the factor of proportionality as the "speed of convergence", we have:
growth of state i' s relative per capita income = speed of convergence x percentage gap to own steady state where the relative per capita income is the ratio of state i' s' PCI to thehighest state PCI.
The expression in (2) constitutes the main pillar of the recent empírical literature on conditional ~-convergence and has motivated a large volume of research, in which, as in the previous section of this paper, econometrics has been employed to provide estimates of the speed of convergence and to expIain differences in growth rates.
In an alterna tive application, given data on growth rates and initial PCIs and some assumption regarding the speed of convergence, that expression could be used to calcula te the distribution ofthe steady state (relative) per capita incomes.
The results of such an exercise, based on information avaiIable for the Brazilian states, are presented in Table 8 . Finally, values of the speed of convergence below 4% result in implausibly high estimates of the long run relative per capita income for some states and are, therefore, discarded (in this respect, see also Jones (1997) The estimates of the long run interstate income distribution derived from the hypotheses of ~=4% and ~=5% not only seem to be consistent with the previous econometric results but also constitute, at least in the context of the present exercise, the most intuitively plausible interval in which the state PCIs may be expected to be found in the long run, given the recent trends observed in the interstate distribution.
Another procedure that ean be used to "forecast" the shape of the long run ineome distribution is based on Markov transition analysis and was first applied to the study of eonvergenee by Quah (1993a Quah ( , 1993b 9.
The Markov approaeh assumes that, given I possible ineome leveIs, each state has a probability Pi(t) of being in leveI I at time t and a transition probability ID;j(t) of being in leveI j at time t+l. Assuming, for simplicity, that the transition probabilities do not ehange over time and ordering them as the Ix! transition matrix M, we get:
where p(t) is a Ix! row vector whose elements are the time-dependent probabilities Pi(t) and M is the produet of t identieal M matrices .
The solution to this exercise consists in detennining the Ix! row veetor s sueh that:
s=sM (4) where s characterises the likely long run distribution of cross-state mcomes (European Commission, 1997).
This approach has some advantages with respect to the conventional tests of (j and pconvergence adopted in Sections 2.1 and 2.2 as well as with respect to the exercise reported in Table 8 . First, itprovides information on what is happening to the entire cross-section of (state) economies, i.e. it does not focus on any particular economy but on the shape of the distribution as a whole (Quah, 1996; Jones, 1997) . Second, "[it] provides evidence on persistence and stratitication; on the formation of convergence clubs; and on the cross section distribution polarising into twin peaks ofrich and poor" (Quah, 1996, pp. 1046Yo. Finally, it does not assume that the states are growing toward constant targets, admitting, instead, shifts in the steady state positions. In this sense, it provides a prediction of the very long run income distribution (Jones, 1997) .
To perform this exercise, I have assumed that, at any point in time, a state can be found in one of the following tive situations, detined by its relative per capita income levei: "very poor" (state PCI below 50% ofthe national mean); "poor" (state pcr between 50% and 80% of the national mean); "medium" (state pcr between 80% and 120% of the national mean);
"rich" (state PCI between 120% and 150% ofthe national mean); ''very rich" (state PCI above 150% ofthe national mean)ll .
The Markov ana1ysis requires first the construction of the two way IxI cross-tabulation reproduced in Table 9 , in which the counts are the number of states in the situation i in 1970
and situationj in 1995 12 • The second step is to derive, from the frequencies observed in Table   9 , the estimates ofthe ID;j transition probabilities that appear in Table 10 .
In the period 1970/1995, a majority of states (fourteen in a total of twenty five) were "movers". As shown in Table 9 , five ofthe ''very poor" and five ofthe "poor" states, in 1970, had moved to the immediately superior income category by 1995. Four states, on the other hand, descended, in the per capita income ladder, to categories inferior to the ones in which they found themselves in 1970. The other eleven states (among them, five ofthe ''very poor" and two of the ''very rich" states, in 1970) were "stayers", remaining in the same situation throughout.
Using the transition probabilities in Table 10 , the equilibrium probability vector, giving the proportion of states at each of the five income leveIs in the stead.y state, was estimated. The results are shown in Table 11 , together with the 1970 and 1995 actual distributions. Table 11 suggests a tendency for the Brazilian states to move towards the middle income categories. The proportion of "very poor" states, which fell from 40% to 20%, between 1970 and 1995, is predicted to become zero in the long run. Similarly, for the "very rich" and "rich" states, the figures in Table 11 add up to 16%, in 1970, 12%, in 1995, and, again, zero, in the steady state. The percentages of states in the "poor" and "medium" income intervals, in turn, are expected to increase from 32% and 12%, in 1970, to 52% and 48%, respectively, in the very long run. Although a substantial reduction in the interstate income inequality is predicted by this exercise, absolute ~-convergence does not result, Le. the states are not expected to converge to an identical per capita income levei in the long run.
An obvious flaw of the exercise reported in Tables 9-11 is the small number of observations. The results in those tables were derived from data for the years 1970 and 1995 and, thus, refer to 25 year transitions. Tables 12-13 report the results of a similar exercise, based on the 5 year transitions observed for the periods 1970/75, 1975/80, 1980/85, 1985/90 and 1990/95. The two exercises, thus, differ in two respects: the number of observations (25, in the first case; 125, in the second) and the time horizon ofthe observed changes from which the transitions matrices were derived (25 year changes and 5 year changes, respectively). A third difference consists in that, in the second exercise, the "medium" income group was partitioned in two different categories ("below the national average" and "above the national average").
Comparing the entries in the main diagonals in Tables 10 and 12 , we find, as expected, higher persistence in the latter table than in the former. Both tables suggest a tendency for the "very rich" and "rich" states to move toward lower leveIs of (relative) income and no tendency for the states in the "medium" or lower (relative) income leveis to move in the opposite direction (i.e. toward the "rich" and ''very rich" categories). Table 12 , however, differs from Table 10 in that there is a 5% probability for the "poor" and "below average" states to falI to the ''very poor" income group.
As a consequence, while the long run distribution in Table 13 , as that in Table 11 , does not display any ''very rich" and "rich" strata, it does contain a ''very poor" group of states. A second distinctive feature ofthe results in Table 13 is that the expected proportions of states in the two lower categories is quite similar to the actual proportions observed in 1995. The long run distributions, in both tables, are, in any case, characterised by the same concentration of states in the "poor" and "medium" income leveIs, i.e. by some degree of convergence.
CONCLUSIONS
The roam results derived in this paper are:
1) The usual measures of dispersion in the interstate income distribution suggest that a-convergence was an unequivocal feature of the regional growth experience in Brazil, between 1970 and 1986 . The process of convergence seems, however, to have slowed down almost to a halt, afier 1986.
2) A standard growth model, in which per capita income growth is assumed to depend on the initial income leveI, the rate of investment, average schooling, the rate of growth of the labour force and the rate of participation, explains a substantial amount ofthe variation in growth rates in the period 1970/95. It should be noted, however, that the performance of the model was not as satisfactory when only data' for the 1980/95 years (a period characterised by Iow growth rates and high economic instability) were used in its estimation.
3) The results of the growth regressions are consistent with the hypothesis of conditional ~-convergence, the proposition that (only) states with similar structural characteristics tend towards the same steady state per capita income leveI. As predicted by the model, the rates of growth were found to vary directly with the rate of investment, average schooling and the rate of participation and inversely with the initial income leveI and the rate of growth of the labour force. The relationship between schooling and per capita income growth is non-linear, with intennediate leveIs of schooling having a highel' impact on growth than low or high leveIs.
4)
The point estimate for the speed of (conditional) convergence, when data for the entire 1970/95 period were used in the estimation, was approximately 3%.
Conditional convergence seems to have been faster in the 1970s than after 1980.
5)
Some evidence was found of a negative correlation between the rate of investment and the rate of growth of the labour force, a result consistent with the theoretical predictions regarding factor mobility, in the neoc1assical model.
6) Different estimates of the long run interstate income distribution pointed 7)
towards a tendency for the great majority of states to cluster in the interval between 50% and 120% ofthe national average (100% ofthe states, in Table 11 , and 82%, in Table 13 -against 44%, in 1970, and 68%; in 1995) . Therefore, while we may expect, on the basis of the trends observed between 1970 and 1995, further reductions in the interstate income inequality, the data again do not support the hypothesis of absolute f3-convergence.
Some exercises have suggested that the relative per capita incomes of a significant number of states (Table 8 ) and the number of ''very poor" and "poor" states (Table 13) were, in 1995, already quite c10se to their steady state values.
These results offer a possible explanation for the apparent weakening of the process of convergence which has been observed since 1986. NOTES 1. Previous work on the interstate income distribution in Brazil includes Azzoni (1994 ), Ellery Jr. and Cavalcanti Ferreira (1994 , Diniz (1995), Ferreira (1996) and Ferreira (1998).
2.The coefficient of variation (standard deviation normalized by the mean) of the state PCIs also fell, from 0. 645, in 1970, to 0.462, in 1986 , and increased slightly, afterwards, to reach a leveI of 0.494, in 1995 (Table 3 ). The coefficient of variation is the measure of cr-convergence most commonly adopted in the literature. I have, however, opted for emphasizing here the results based on Theil' s index, because this index has the desirable feature of weighting the (relative) state per capita incomes by the states' shares in the total population. In any case, the evolution of the coefficient of variation was similar to that of the L index, during most of the period under analysis.
3. The speed of convergence ~ can be inferred from the coefficient b in the regression
, where T is the time interval between the two observations used to estimate the average annual rates of growth, corresponding to 25 years, in this case (Sachs and Warner, 1997) . Other country estimates ofthe speed ofabsolute convergence reported in Sala-i-Martin (1996) are: Germany (1.4%), United Kingdom (2.0%),
France (1.6%), ltaly (1.0%) and Spain (2.1%).
4. Direct infonnation on total investment at the state levei is not available. Data on industrial investment (mining + manufacturing), however, can be found for the years 1970 and 1980. A proxy for total state investment, in those two years, was, thus, constructed by assuming that the share of a state in the country's capital fonnation Was the same as its share in industrial investment.
5. Mankiw, Romer and Weil (1992) , among many others, also average the infonnation on the right hand side (RHS) variables in their estimates of growth regressions. Endogeneity, specially in relation to the rate ofinvestment, may, however, be a concem in this case. That is one of the reasons why regressions using initial year values of the rate of investment, schooling and the rate of participation, as welI as regressions in which the rate of investment was exc1uded from the RHS, are also reported. The steady state levei of labor productivity depends on the steady state levei of human capital, not on its initial period value or average value during the period of estimation (Mankiw, Romerand Weil, 1992) . To take this into account, equations were estimated where final year values of SCHOOL were used (Islam, 1995) . These latter results, which do not depart significant1y from those shown in Tables 4-7 are available from the author upon request.
6. The average annual rate ofper capita GDP growth felI from 6.6%, in the 1970s, to 0.1%, in the period 1980/95. This context of low growth rates and high uncertainty and instability, perhaps, explains why the perfonnance. of the model was, in general, less satisfactory, when only data for the post-1980 years were used in its estimation (Equations 6.2-6.4).
7. Those were the states with, respectively, the highest (9.8%) and lowest (1.9%) rates ofper capita income growth in the 1970s. The impressive growth perfonnance of the state of Amazonas is explained by the creation of the Zona Franca de Manaus, a duty-free area specialising mainly in the production of durable consumption goods (electrical appliances and electronics) for the domestic market.
8. As it is well known, these bigher (conditional) values of ~ refer to the speed at wbich the state PCIs are moving toward their own steady-state values, wbich may differ across states and regions. What Islam (1995) observed with respect to the world income distribution also seems to apply here: there may be little soIace to be derived from finding that the Brazilian states are converging at a faster rate, if the points to wbich they are converging may remain very different.
9. This technique has also been recently employed to determine the impact of the Single Market Programme on the distribution of income and convergence among 169 regions in Europe (European Commission, 1997) and adopted by Jones (1997) in bis study of the world income distribution.
10. According to Quah, this is the main deficiency of the cr-convergence tests: on the basis of such tests, it is not possible to uncover intra-distribution movements, the existence of convergence clubs, ''twin-peaks dynamics" etc. With respect to the ~-convergence tests, Quah argues that ''the cross-section correlation between growth rates and income leveIs revea1s even less, its interpretation being plagued by a version of Galton's Fallacy" (Quah, 1996 and also 1993b REGION  ARE A  POPULATION  1970 1995   GDP  1970 1995 
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* the addition may not be exact due to rounding errors. • ------------------------------------------------------------------ • Defini tion of the variables: GROWTH = average annual rate of per capita income growthi INPCI = per capita income leveIs in the initial yeari INVRATE = rate of investment in the initial yeari SCHOOL = years of schooling in the initial yeari GEAP = average annual rate of growth of the labour forcei PART = rate of participation in the initial yeari SERGIPE = dummy variable with value of 1 for the state of Sergipe and zero otherwise . 
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